Cytospora species are important plant pathogens causing dieback and canker diseases on a wide range of hosts, worldwide. However, species level identification is difficult due to poor phylogenetic understanding and lack of sequenced type species. ITS sequence data are only available for most Cytospora strains in GenBank. In this study, samples of Cytospora were collected from symptomatic twigs and branches in European Russia. A combination of morphological characters and multi-gene phylogenetic analysis (ITS, LSU, RPB2, ACT) were used to identify taxa. A total of 34 collections, representing 17 fungal species of Cytospora were studied. Of these, 14 new species are described and illustrated. Three species were known taxa and identified as C. nivea, C. parasitica, and C. salicicola. Newly introduced species are C. ampulliformis, C. curvata, C. donetzica, C. erumpens, C. longiostiolata, C. melnikii, C. parakantschavelii, C. paratranslucens, C. rusanovii, C. salicacearum, C. salicina, C. sorbi, C. sorbicola and C. ulmi. Descriptions, illustrations and notes are provided for all studied taxa in this study. The distribution patterns of Cytospora species on different hosts are discussed. The study represents a preliminary study of Cytospora species from a small region and provides an initial contribution to the understanding of the genus.
Introduction
Cytospora was introduced by Ehrenberg (1818) and is one of the most important forest pathogenic genera causing canker disease on branches of various tree species. The disease often leads to large areas of dieback on a wide range of plants (Adams et al. 2005 (Adams et al. , 2006 . Cytospora is the asexual morph of Valsa, which is the type genus of Valsaceae Tul. & C. Tul. in Diaporthales Nannf. comprising the genera Amphicytostroma, Chadefaudiomyces, Cryptascoma, Cytospora, DNA extraction, PCR amplification and sequencing Thirty-four isolates were selected for the molecular analyses (Table 1) . DNA was amplified from the complete the internal transcribed spacer regions (ITS1-5.8S-ITS2), large nuclear ribosomal RNA subunit region (LSU), RNA polymerase II subunit (RPB2), and α-actin (ACT) genes of each Cytospora isolate, which were performed using fungal mycelia growing on MEA at 18−25°C for one month. The genomic DNA was obtained using a E.Z.N.A.TM Fungal DNA MiniKit (Omega Biotech, CA, USA) following the manufacturer's protocols.
Polymerase chain reactions (PCR) were carried out using primer pairs of ITS1 and ITS4 to amplify the ITS region (White et al. 1990 ), the partial LSU region was amplified with primers NL1 and NL4 (O'Donnell 1993) , the partial RPB2 region was amplified using primers bRPB-6F and bRPB-7.1R (Matheny 2005) , and the partial ACT region was amplified using primers ACT512F and ACT783R (Carbone & Kohn 1999) (Table 1 ). The amplification reaction was performed in 50 μl reaction volume containing, 2 µl of DNA template, 2 µl of each forward and reverse primers, 25 µl of 2 × Bench Top TM Taq Master Mix (mixture of Taq DNA Polymerase (recombinant): 0.05 units/µL, MgCl2: 4 mM, and dNTPs: 0.4 mM) and 19 µl of double-distilled water (ddH2O). The PCR conditions used in this study for each gene are shown in Table 1 . The quality of PCR products were checked by using 1% agarose gel electrophoresis stained with ethidium bromide. Purification and sequencing of PCR product were carried out at Life Biotechnology Co., Shanghai, China.
Phylogenetic analysis
Blast searches were made to identify the closest matches in GenBank and reliable sequences were downloaded (viz. Fotouhifar et al. 2010 , Fan et al. 2014 , 2015a , b, Hyde et al. 2016 . The phylogenetic analyses were initially performed using ITS sequence data and then determined using combined multi-gene phylogeny (ITS, LSU, RPB2, ACT) with 143 and 97 sequences respectively. Cytospora species were selected for combined multi-gene phylogeny based on fungal group relationships between closely related taxa of type strains with our strains from the ITS phylogenetic tree. Phomopsis vaccinii Shear (ATCC 18451) was selected as the outgroup taxon in individual and combined analyses. The individual datasets were combined as this has been previously found to increase phylogenetic accuracy (Cunningham 1997 , Bull et al. 1993 . The combined sequence alignment was obtained from MEGA7 version 7.0.14 (Kumar et al. 2015) and ambiguously aligned regions were excluded and gaps were treated as missing data. Alignments were checked visually and manually adjusted for errors. The partition homogeneity test (PHT) or the Incongruence Length Difference (ILD) test were used to testing the congruence and combinability of the individual datasets (Farris et al. 1995a, b) with 1,000 heuristic search replicates in PAUP v. 4.0b10 (Swofford 2003) . In addition, the datasets were optimized manually where necessary. Phylogenetic trees were reconstructed using maximum parsimony, maximum likelihood and Bayesian inference analyses.
Maximum parsimony (MP) analysis was performed using PAUP (Phylogenetic Analysis Using Parsimony) v. 4.0b10 (Swofford 2003) . The trees were inferred using the heuristic search option with tree bisection-reconnection (TBR) as the branch swapping algorithm and 1000 random 54 sequence additions. Maxtrees were setup to 1000, branches of zero length were collapsed and all multiple parsimonious trees were saved. Descriptive tree statistics for parsimony tree length (TL), consistency index (CI), retention index (RI), rescaled consistency index (RC) and homoplasy index (HI) were calculated for the maximum parsimonious tree (MPT). The robustness of the most parsimonious trees was evaluated by 1000 bootstrap replications, each with ten replicates of random stepwise addition of taxa (Felsenstein 1985) . The Kishino-Hasegawa tests (KHT) (Kishino & Hasegawa 1989) were performed to determine whether the trees were significantly different. The best-fit nucleotide substitution models for each dataset were separately determined using MrModeltest version 2.2 for both ML and Bayesian analyses (Nylander 2004) . Maximumlikelihood (ML) analysis was performed in RAxML (Stamatakis 2006) implemented in raxmlGUI v.1.3 (Silvestro & Michalak 2012) . The 1000 rapid bootstrap replicates were run with generalized time reversible GTRGAMMA model of nucleotide substitution and searches for model selected for ML were applied.
Bayesian inference (BI) analysis was performed using the Markov Chain Monte Carlo (MCMC) method with MrBayes v.3.2.2 (Ronquist et al. 2012) . GTR+I+G was selected as the bestfitting model for individual ITS and combined ITS, LSU, RPB2 and ACT. The Markov ChainMonte Carlo sampling (MCMC) analyses, with four chains, were started from random tree topology and lasted 5,000,000 generations and sampled every 100 generations. The Tracer v. 1.5.0 program was used to check the effective sampling sizes (ESS) that should be above 200, the stable likelihood plateaus and burn-in value (Rambaut et al. 2013) . The first 5000 generations were excluded as burn-in.
The resulting trees were viewed with FigTree v1.4.0 (Rambaut 2012) and edited in Adobe Illustrator CS6 and Adobe Photoshop CS6 Extended version 13.0 × 64 (Adobe Systems Inc., The United States). Sequences data from this study were deposited in GenBank (Table 2) and alignments were saved in TreeBASE (www.treebase.org) submission ID: 20491 (ITS sequence alignment) and 20492 (combined sequence alignment). 
Results

Phylogenetic analyses
The individual ITS dataset contained 143 sequences. The total alignment length had 609 total characters including alignment gaps. Parsimony analyses indicate that 391 characters were constant, 72 variable characters were parsimony uninformative and 146 characters were parsimony informative. The parsimony analysis of the data matrix resulted in 1000 equally parsimonious trees and the first tree (TL = 773, CI = 0.4373, RI = 0.8446, RC = 0.3693, HI = 0.5627) is shown in Fig. 1 . Based on MP, ML and BI analyses of individual ITS dataset can separate some species of Cytospora (Fig. 1) . However, it cannot resolve some species. For example C. longiostiolata , C. melnikii , C. salicacearum , C. salicina , C. chrysosperma (334, CFCC 89629, CFCC 89630, HMBF CGHs10, HMBF 151, HMBF 158, HMBF 17) and Cytospora sp. (30 NC5, 37 NC14) (Fig. 1) . Thus, a combined ITS, LSU, RPB2 and ACT tree was used to delimit the Cytospora species. The combined ITS, LSU, RPB2 and ACT analysis comprised 97 sequences. The total alignment length of 2337 characters including alignment gaps was used of which 609, 610-1163, 1164-2044 and 2045-2337 were derived from ITS, LSU, RPB2 and ACT sequence data respectively. The result from the partition homogeneity test (PHT) was not significant level (95%), indicating that the individual data sets were congruent and could be combined. Parsimony analysis indicate that 1545 characters were constant, 240 variable characters were parsimony uninformative and 552 characters were parsimony informative and yielded 1000 most parsimonious trees (TL = 2020, CI = 0.554, RI = 0.864, RC = 0.479, HI = 0.446) (Fig. 2) . The BI and ML tree analyses of individual and combined phylogenies had similar topologies to the MP tree as shown in Figs 
Taxonomy
In this study, we introduce 14 new species and re-describe three known species. We follow Jeewon and Hyde (2016) for establishing species boundaries and Dayarathne et al. (2016) for using old names. Holotype: MFLU 15-2187 Associated with twigs and branches of Sorbus intermedia (Ehrh.) Pers. Sexual morph: Undetermined. Asexual morph: Conidiomata 680-1200 × 350-480 µm diameter, semiimmersed in host tissue, solitary, erumpent, scattered, discoid, circular to ovoid, with 3-4 locules, and ostiolar neck. Ostioles 200-300 µm long, at the same level as the disc surface. Peridium comprising few to several layers of cells of textura angularis, with inner most layer thin, hyaline to pale brown, outer layer brown to dark brown. Conidiophores unbranched, reduced to conidiogenous cells. Conidiogenous cells blastic, enteroblastic, flask-shaped phialidic, formed from the inner most layer of pycnidial wall, hyaline, smooth-walled. Conidia (5-)5.6-9 × 1.3-1.6(-1.7) µm (x ̅ = 7.5 × 1.6 µm, n = 30), unicellular, subcylindrical, hyaline, smooth-walled.
Cytospora ampulliformis
57
Culture characteristics -Colonies on MEA, reaching 7.5 cm diameter after 7 days at 25 °C, producing dense mycelium, circular, margin rough, white, lacking aerial mycelium.
Material Notes -Cytospora species associated with Sorbus sp. were reported in previous studies such as C. leucostoma and Valsa massariana (Adams et al. 2002 (Adams et al. , 2005 . In this study, C. ampulliformis, C. sorbi and C. sorbicola are also reported from Sorbus sp. (Table 3) . Morphologically, C. ampulliformis is similar to C. sorbi in its conidiomata having 3-4 locules and in the length of ostiolar neck (C. ampulliformis: 200-300 µm versus 250-300 µm: C. sorbi). However, C. ampulliformis differs from C. sorbi in having larger conidia (C. ampulliformis: 7.5 × 1.6 µm, versus 6.5 × 1.5 µm: C. sorbi). Based on phylogenetic analyses, both species form separate lineages within the genus Cytospora ( Figs. 1 and 2) .
We obtained two isolates of Cytospora ampulliformis (MFLUCC 16-0583, MFLUCC 16-0629) and these formed a close relationship with C. cotini (MFLUCC 14-1050) isolated from Cotinus coggygria, C. tanaitica (MFLUCC 14-1057) isolated from Betula pubescens, C. rosarum (218) isolated from Rosa canina and C. ulmi (MFLUCC 15-0863) isolated from Ulmus minor. Cytospora ampulliformis (7.5 × 1.6 µm) differs from C. cotini in forming black-discoid conidiomata on the host and lobate circular colonies on MEA (Hyde et al. 2016) , while it differs from C. cotini (5.9 × 1.2 µm), C. tanatica (3.4 × 0.7 µm), C. rosarum (5-6 × 1.5 μm) and C. ulmi (5.4 × 1.4 µm) by its larger conidia. Holotype: MFLU 15-2229 Associated with twigs and branches of Salix alba L. Sexual morph: Undetermined. Asexual morph: Conidiomata 900-1100 × 470-580 µm diameter, semi-immersed in host tissue, scattered, erumpent, unilocular, with ostiolar neck. Ostioles 140-160 µm, same level as the disc surface. Peridium comprising a few to several layers of cells of textura angularis, with inner most layer thin, brown, outer later dark brown to black. Conidiophores unbranched, reduced to conidiogenous cells. Conidiogenous cells blastic, enteroblastic, phialidic, formed from the inner most layer of pycnidial wall, hyaline, smooth-walled. Conidia (5.4-)5.8-7.7 ×1.2-1.3(-1.4) µm (x ̅ = 5.9 × 1.3 µm, n = 30), unicellular, elongateallantoid, slightly curved, hyaline, smooth-walled.
Cytospora curvata
Culture characteristics -Colonies on MEA, reaching 8 cm diameter after 7 days at 25 °C, producing dense mycelium, circular, white, margin rough, lacking aerial mycelium.
Material examined -RUSSIA, Rostov Region, Krasnosulinsky District, Donskoye Forest, shore of little pond, on dead and dying branches of Salix alba (Salicaceae), 28 June 2015, T. Bulgakov, T-525 (MFLU 15-2229 (Table 3 ; Adams et al. 2002 , 2005 , 2006 , Défago 1942 , Fotouhifar et al. 2010 , Singh et al. 2007 ). However, they can be distinguished based on phylogenetic analyses (Fan et al. 2014 , Wang et al. 2015 . Ten novel species are introduced in this study, which were collected from Salix viz. C. curvata, C. donetzica, C. erumpens, C. longiostiolata, C. rusanovii, C. salicacearum, C. salicina, C. salicacearum, C. salicicola and C. salicina. Cytospora curvata is most similar to C. longiostiolata , but the former species differs in having shorter ostiolar necks (C. curvata: 140-160 µm versus 400-500 µm: C. longiostiolata) and larger conidia (C. curvata: 5.9 × 1.3 µm versus 5.5 × 1.3 µm: C. longiostiolata).
Phylogenetic analysis of combined ITS, LSU, RPB2 and ACT sequence data indicate that Cytospora curvata (MFLUCC 15-0865) forms a separate branch as a sister taxon to C. rusanovii (MFLUCC 15-0853, MFLUCC 15-0854) (Figs. 1 and 2). Cytospora rusanovii is reported in this study, also from Salix. Cytospora rusanovii differs from C. curvata in having conidiomata with 4-6 locules, long ostioles (410-450 µm), branched conidiophores and conidia that are shorter and wider (5.4 × 1.4 µm) than C. curvata.
In ITS, Cytospora rusanovii differs from C. curvata at six polymorphisms, in ACT, they are different at six polymorphisms. Thus, based on phylogenetic analysis, polymorphic nucleotide comparisons and morphological differences, C. melnikii it is considered as a novel species. Associated with twigs and branches of Crataegus monogyna Jacq., Pyrus pyraster (L.) Burgsd., Rosa sp. and Salix alba. Sexual morph: Undetermined. Asexual morph: Conidiomata 800-1200 × 480-560 µm diameter, semi-immersed in host tissue, scattered, with 3-4 locules, with ostiolate. Ostioles 150-250 µm diameter, at the same level as the disc surface. Peridium comprising a few to several layers of cells of textura angularis, with inner most layer thin, pale brown, outer later brown. Conidiophores branched, reduced to conidiogenous cells. Conidiogenous cells blastic, enteroblastic, phialidic, formed from the inner most layer of pycnidial wall, hyaline, smooth-walled. Conidia (4.6-)5.4-6.4 ×1.2-1.4(-1.6) µm (x ̅ = 5.5 × 1.4 µm, n = 30), unicellular, elongate-allantoid, slightly curved, hyaline, smooth-walled.
Culture characteristics -Colonies on MEA, reaching 7 cm diameter after 7 days at 25 °C, producing dense mycelium, circular, margin rough, white, with aerial mycelium.
Material examined -RUSSIA, Rostov Region, Shakhty City, Grushevka steppe slopes near Grushevsky pond, ravine shrubbery, on dead and dying branches of Rosa sp. Peridium comprising a few to several layers of cells of textura angularis, with inner layer thin, pale brown, outer later brown to dark brown. Conidiophores unbranched or occasionally branched at the base, reduced to conidiogenous cells. Conidiogenous cells blastic, enteroblastic, phialidic, formed from the inner most layer of pycnidial wall, hyaline, smooth-walled. Conidia (5.6-)6.4-6.7 ×1.3-1.4(-1.7) µm (x ̅ = 6.4 × 1.5 µm, n = 30), unicellular, elongateallantoid, hyaline, thin-walled, smooth-walled.
Culture characteristics -Colonies on MEA, reaching 8.5 cm diameter after 7 days at 25 °C, producing dense mycelium, circular, margin rough, white, lacking aerial mycelium. Notes -Morphologically, Cytospora erumpens is most similar to C. sorbi (MFLUCC 16-0631) with conidia 6.4 × 1.5 µm versus 6.5 × 1.5 µm. However, in the combined gene phylogenetic analysis, C. erumpens is clearly separated from C. sorbi (Fig. 2) . Cytospora erumpens and C. rusanovii are similar in morphology and also associated with the same host, Salix spp. However, C. erumpens differs from C. rusanovii in forming black-discoid conidiomata on the host and longer ostiolar necks (C. erumpens: 280-350 µm versus 155-170 µm: C. rusanovii). In phylogenetic study based on the ITS gene show that Cytospora erumpens is close to C. donetzica, but in the combined gene phylogenetic analysis, C. erumpens is separated from C. donetzica and some species in the genus (C. donetzica, C. sorbicola, C. sorbi, C. gigaspora, C. nivea, C. paratranslucens, C. translucens) with Bayesian posterior probabilities of 0.98 (Fig. 2) . The ITS, RPB2 and ACT polymorphic nucleotides of sequence data, C. erumpens differs from C. sorbi with four ITS polymorphisms, 43 RPB2 polymorphisms and 13 ACT polymorphisms. Thus, it is considered that C. erumpens is a novel species. (3:4). Ostioles 400-500 µm diameter, at the same level as the disc surface. Peridium comprising several layers of cells of textura angularis, with inner most layer thin, pale brown, outer layer brown. Conidiophores unbranched or occasionally branched at the base, reduced to conidiogenous cells. Conidiogenous cells blastic, enteroblastic, phialidic, formed from the inner most layer of pycnidial wall, hyaline, smooth-walled. Conidia (3.9-)5.4-6.6 ×1.0-1.2(-1.5) µm (x ̅ = 5.5 × 1.3 µm, n = 30), unicellular, allantoid to subcylindrical, hyaline, smooth-walled.
Cytospora longiostiolata
Culture characteristics -Colonies on MEA, reaching 9 cm diameter after 7 days at 25 °C, producing dense mycelium, circular, margin rough, white, with aerial mycelium. Notes -Cytospora longiostiolata is introduced as new species base on morphological characters and phylogenetic analyses. It has unilocular conidiomata with long ostioles. Phylogenetic analysis using ITS sequence data showed that C. longiostiolata is closely related to C. salicina and C. chrysosperma species (Fig. 1) . However, C. salicina (4.8 × 1.1 µm) and C. chrysosperma (4.6 × 1.2 µm) differ from C. longiostiolata (5.5 × 1.3 µm) in having multiloculate conidiomata with smaller conidia. In the phylogenetic analyses based on combined ITS, LSU, RPB2 and ACT sequence data, C. longiostiolata forms a single lineage, separate from these taxa with high bootstrap support (93% ML/ 1.00 PP) (Fig. 2) .
Cytospora longiostiolata was collected from Salix and is most similar to C. curvata and the differences are discussed under the species C. curvata. The species also resembles C. donetzica in conidia size (C. longiostiolata: 5.5 × 1.3 versus 5.5 × 1.4 µm: C. donetzica). However, C. donetzica differs C. longiostiolata in having 3-4 locules conidiomata and shorter ostiolar necks (150-250 µm).
In ITS, Cytospora longiostiolata differs from C. chrysosperma with two polymorphisms, with C. salicina in five polymorphisms. In RPB2 it differs with 21 polymorphisms from C. chrysosperma, 19 polymorphisms from C. salicina. In ACT it differed in 11 polymorphisms from C. chrysosperma and 11 polymorphisms from C. salicina. Culture characteristics -Colonies on MEA, reaching the edge of the Petri-dish after 6-7 days at 25 °C, producing dense mycelium, circular, margin rough, white, with aerial mycelium.
Cytospora melnikii
Material examined -RUSSIA, Rostov Region, Oktyabrsky District, south edge of Persianovsky settlement, Khoruli gully, field-protecting shelterbelt, on dying branches of Malus domestica (Rosaceae), 28 April 2015, T. Bulgakov, T-206 (MFLU 15-1910 Notes -Cytospora melnikii was found on Malus domestica and Populus nigra, and has semi-immersed, unilocular conidiomata, with long ostioles and shares common walls with the host tissue. Cytospora melnikii can be distinguished based on the characteristics of fruiting bodies, conidia size, cultural characteristics and phylogenetic analyses. Cytospora melnikii is most similar to C. chrysosperma, which was found Malus. However, C. chrysosperma differs in having a multiloculate conidiomata (Mehrabi et al. 2011) .
In phylogenetic analyses, using ITS sequence data ( Fig. 1) , C. melnikii groups with C. chrysosperma (HMBF151, HMBF158, HMBF17) and C. salicacearum . The tree using ITS, LSU, RPB2 and ACT sequence data demonstrate that C. melnikii is clearly separated from these taxa, with moderate bootstrap support (Fig. 2) . Thus, based on phylogenetic analysis and morphological differences, it is considered that C. melnikii is a novel species. Undetermined. Asexual morph: Conidiomata 1000-1300 × 340-380 µm diameter, semiimmersed in host tissue, scattered, erumpent, discoid, circular, with 3-4 locules, ostiolate. Ostioles 100-150 µm diameter, at the same level, with flattened top. Peridium comprising a few to several layers of cells of textura angularis, inner layer thick, brown, outer later dark brown. Conidiophores unbranched, reduced to conidiogenous cells. Conidiogenous cells blastic, enteroblastic, phialidic, formed from the inner most layer of pycnidial wall, hyaline, smooth-walled. Conidia (7.1-)7.4-8.8 × 1.5-1.6(-1.9) µm (x ̅ = 7.5 × 1.8 µm, n = 30), unicellular, allantoid, slightly curved ends, hyaline, smooth-walled.
Culture characteristics -Colonies on MEA, reaching 2 cm diameter, after 7 days at 25 °C, producing dense mycelium, circular, margin rough, white, lacking aerial mycelium.
Material examined -RUSSIA, Rostov Region, Ust'-Donestsky District, near Nizhnekundryuchenskaya Village, arenal sandy forest, on dead and dying branches of Salix acutifolia (Salicaceae), 17 August 2015, T. Bulgakov, T-506 (MFLU 15-2210, PDD), living culture, MFLUCC 15-0860, KUMCC.
Notes -Fan et al. (2015b) have reported and illustrated Cytospora nivea (CFCC 89642). The morphology of our fresh collection resembles C. nivea (epitype) in Fan et al. (2015b) in having multiloculate conidiomata, allantoid, slightly curved, hyaline and 7.6 × 1.9 70 μm conidia and in the combined multi-gene phylogeny (Figs. 1 and 2) . This is the first report of C. nivea from Salix acutifolia in Russia therefore, details are provided for this species to facilitate identification. Culture characteristics -Colonies on MEA, reaching 8 cm diameter after 7 days at 25 °C, producing dense mycelium, margin rough, white, lacking aerial mycelium. Notes -The new species, Cytospora parakantschavelii (MFLUCC 16-0575, MFLUCC 15-0857) is similar to C. kantschavelii (287-2) in having multiloculate conidiomata. However, conidial dimensions of C. parakantschavelii (5.3 × 1.4 µm) are longer and wider than those of C. kantschavelii (4-5 × 1.2 µm) (Fig. 11) (Gvritishvili 1973) .
Phylogenetic analysis of four combined gene loci place Cytospora parakantschavelii (MFLUCC 16-0575, MFLUCC 15-0857) on a separate branch from C. kantschavelii, forming as a sister taxon to C. salicicola Norphanphoun, Bulgakov & Hyde (MFLUCC 14-1052, MFLUCC 15-0866) (Fig. 2) . However, C. salicicola differs from C. parakantschavelii in having shorter ostioles (170-200 µm), unbranched conidiophores and larger conidia (6.8 × 1.6 µm). Undetermined. Asexual morph: Conidiomata 1700-2000 × 900-1200 µm diameter, semiimmersed in host tissue, scattered, erumpent, multi-loculate, with ostiolar neck. Ostioles 320-400 µm diameter, at same level as the disc surface. Peridium comprising a few to several layers of cells of textura angularis, with most layer thin, brown to dark brown. Conidiophores unbranched or occasionally branched at the base, reduced to conidiogenous cells. Conidiogenous cells blastic, enteroblastic, phialidic, formed from the inner most layer of pycnidial wall, hyaline, smooth-walled. Conidia (5.5-)6.9-7.3 × 1.5-1.7(-2) µm (x ̅ = 6.8 × 1.8 µm, n = 30), unicellular, elongate-allantoid, hyaline, smooth-walled. Culture characteristics -Colonies on MEA, reaching 4 cm diameter, after 7 days at 25 °C, producing dense mycelium, circular, margin rough, white, lacking aerial mycelium.
Cytospora parasitica
Material examined -RUSSIA, Rostov Region, Shakhty City, Grushevka steppe slopes near Grushevsky pond, ravine shrubbery, on dying branches (necrotrophic) of Malus domestica (Rosaceae), 14 May 2015, T. Bulgakov (MFLU 15-1991 Ariyawansa et al. (2015) from Malus domestica in Russia (Ariyawansa et al. 2015) . The morphology of this collection (MFLUCC 16-0507) is similar to C. parasitica (MFLUCC 14-1055) in having multi-loculate conidiomata and allantoid to slightly curved, unicellular, hyaline, 7 × 1.75 μm conidia (Ariyawansa et al. 2015) . In phylogenetic analyses, C. parasitica (MFLUCC 16-0507) groups with the ex-type strain (MFLUCC 14-1055) of C. parasitica (Fig. 2) . Culture characteristics -Colonies on MEA, reaching 8.5 cm diameter after 7 days at 25 °C, producing dense mycelium, circular, margin rough, white, with aerial mycelium.
Cytospora paratranslucens
Material examined -RUSSIA, Rostov Region, Shakhty City, Grushevka steppe slopes near Grushevsky pond, riparian grove, on dead and dying branches of Populus alba, 14 May 2015, T. Bulgakov, T-282 (MFLU 15-1986 Notes -Cytospora species associated with Populus have been reported worldwide (Table 3 ; Adams et al. 2002 , 2005 , 2006 , Défago 1942 , Fotouhifar et al. 2010 , Singh et al. 2007 . In this study, five novel species are introduced, which were collected from Populus viz. C. melnikii, C. parakantschavelii, C. paratranslucens, C. rusanovii and C. salicacearum. Cytospora paratranslucens is most similar to C. germanica and C. nivea (Adams et al. 2006 ). However, they can be distinguished by conidia size (6.8 × 1.6 versus 5 × 1, 6-7.5 × 1.2 µm respectively) (Adams et al. 2006) . Furthermore, C. paratranslucens has multiloculate conidiomata sharing a single ostiole, while C. germanica and C. nivea have multiloculate conidiomata with individual or compressed ostioles in the conidiostromata.
In the ITS phylogenetic analyses, Cytospora paratranslucens groups with C. translucens Sacc. (138-2 and 35) with high bootstrap support (94% ML/ 1.00 PP). ITS sequence data is only available for C. translucens in GenBank. Therefore, we compare morphology of C. paratranslucens and C. translucens, from the original description in Saccardo (1884) . Cytospora paratranslucens can be distinguished from C. translucens in having multiloculate conidiomata, while in C. translucens they are uniloculate. The conidia 76 of C. paratranslucens are larger than those of C. translucens (6.8 × 1.6 µm versus 4.6 × 1.2 µm). 
]. Sexual morph: Undetermined. Asexual morph: Conidiomata 530-800 × 280-350 µm diameter, semi-immersed in host tissue, solitary, scattered, erumpent, discoid, circular to ovoid, with 1-3 locules, and long ostiolar neck. Ostioles 155-170 µm diameter, at the same level as the disc surface. Peridium comprising several layers of cells of textura angularis, with inner most layer thick, dark brown, outer layer dark brown to black. Conidiophores unbranched, reduced to conidiogenous cells. Conidiogenous cells blastic, enteroblastic, phialidic, formed from the inner most layer of pycnidial wall, hyaline, smooth-walled. Conidia (6-)6.5-7.1 ×1.4-1.5(-1.6) µm (x ̅ = 6.7 × 1.5 µm, n = 30), unicellular, elongate-allantoid, hyaline, smooth-walled.
Culture characteristics -Colonies on MEA, reaching 8 cm diameter after 7 days at 25 °C, producing dense mycelium, circular, margin rough, white, lacking aerial mycelium.
Material examined -RUSSIA, Rostov Region, Shakhty City, Central Park, parkland, on dying branches of Salix babylonica (Salicaceae), 8 July 2015, T. Bulgakov (MFLU 15-1931 , holotype, KUN, isotype), ex-type living culture, MFLUCC 15-0854, KUMCC; RUSSIA, Rostov Region, Shakhty City, Central Park, parkland, on dying branches of
] (Salicaceae), 9 July 2015, T. Bulgakov (MFLU 15-1929, KUN) , living culture, MFLUCC 15-0853, KUMCC.
Notes -The new species has semi-immersed, 1-3-loculate conidiomata, with long ostioles and 6.7 × 1.5 µm, unicellular conidia. Cytospora rusanovii is most similar to C. microspora Rabenh. in conidia size (6-7 × 1-1.3) (Saccardo 1884) . However, C. microspora differs from C. rusanovii in having multi-loculate conidiomata (>10 locules) (Corda 1839).
Phylogenetic analyses of ITS and multi-gene sequence data ( Figs. 1 and 2 ) indicate that Cytospora rusanovii can be distinguished from C. curvata (MFLUCC 15-0865) and other species in Cytospora, with 98% bootstrap support and 1.00 Bayesian posterior probability in MP, ML and BI analyses (Fig. 2) , while the polymorphic nucleotides differences are discussed under C. curvata. Ostioles 170-200 µm diameter, at the base, same level as the host surface, black to brown, surrounded by a light coloured ostiolar disk. Peridium comprising several layers of cells of textura angularis, with inner most layer thin, hyaline to brown, outer layer brown to dark brown. Conidiophores unbranched, reduced to conidiogenous cells. Conidiogenous cells blastic, enteroblastic, phialidic, formed from the inner most layer of pycnidial wall, hyaline, smooth-walled. Conidia (6.2-)6.9-7.6 × 1.4-1.5(-1.7) µm (x ̅ = 6.8 × 1.6 µm, n = 30), unicellular, allantoid to subcylindrical, hyaline, smooth-walled.
Cytospora salicicola
Culture characteristics -Colonies on MEA, reaching 9 cm diameter, after 7 days at 25 °C, producing dense mycelium, circular, margin rough, white, lacking aerial mycelium.
Material examined -RUSSIA, Rostov Region, Krasnosulinsky District, Donskoye forestry, Gremuchaya Balka (Thunderous gully), shore of pond, on dead and dying branches of Salix alba (Salicaceae), 28 June 2015, T. Bulgakov, T-527 (MFLU 15-2231, KUN) , living culture, MFLUCC 15-0866, KUMCC.
Notes -Cytospora salicicola was introduced by Li et al. (2016) from Salix alba in Russia (Hyde et al. 2016 , Li et al. 2016 ). In the phylogenetic analyses, our strain MFLUCC 15-0866 groups with the type material of C. salicicola (MFLUCC 14-1052) with high bootstrap support from all analyses (99% MP/ 83% ML/ 0.99 PP) (Fig. 2) . Peridium comprising a few to several layers of cells of textura angularis, with inner most layer thin, dark brown, outer layer dark brown to black. Conidiophores unbranched or occasionally branched at the base, reduced to conidiogenous cells. Conidiogenous cells blastic, enteroblastic, phialidic, formed from the inner most layer of pycnidial wall, hyaline, smooth-walled. Conidia (3.6-)4.9-6.4 × 0.9-1(-1.1) µm (x ̅ = 5 × 1 µm, n = 30), unicellular, allantoid to subcylindrical, hyaline, smooth-walled.
Culture characteristics -Colonies on MEA, reaching 1.5 cm diameter after 7 days at 25 °C, producing rhizoid mycelium, undulate, margin rough, white, lacking aerial mycelium.
Material examined -RUSSIA, Rostov Region, Shakhty City, steppe slopes near Grushevsky pond, osier-bed near pond, on dead and dying branches of Salix alba (Salicaceae), 14 May 2015, T. Bulgakov, T-357 (MFLU 15-2061 Notes -Cytospora salicacearum has 1-2 loculate conidiomata with a single ostioles and shares common walls. In the phylogenetic analyses based on combined ITS, LSU, RPB2 and ACT sequence data, C. salicacearum is a close relative to C. melnikii and C. chrysosperma (HMBF17, HMBF151, HMBF158, HMBF159) (Fig. 2) . However, they are different in morphological characteristics, C. melnikii and C. chrysosperma differ from C. salicacearum in having shorter and wider conidia (4.6 × 1.2 µm, 4.6 × 1.2 μm, 5 × 1 µm, respectively).
Cytospora salicacearum differs from C. melnikii and C. chrysosperma in the polymorphic nucleotides of the RPB2 and ACT sequence data. In RPB2 it differed with 35 polymorphisms from C. chrysosperma, four polymorphisms from C. melnikii. In ACT it differed with eight polymorphisms from C. chrysosperma and differs from C. melnikii with four polymorphisms. Culture characteristics -Colonies on MEA, reaching 9 cm diameter, after 7 days at 25 °C, producing dense mycelium, circular, margin rough, white, lacking aerial mycelium. Notes -Cytospora salicina (MFLUCC 15-0862, MFLUCC 16-0637) was found on Salix spp. causing canker disease. Cytospora salicina is most similar to C. chrysosperma in having multi-locules, but differs in having smaller conidia (4.6 × 1.2 µm) and a peridium comprising several layers. Phylogenetic analysis based of combined ITS, LSU, RPB2 and ACT sequence data indicates that C. salicina can be distinguished from C. chrysosperma (HMBF17, HMBF151, HMBF158, HMBF159), C. melnikii and C. salicacearum (Fig. 2) . inner most layer of pycnidial wall, hyaline, smooth-walled. Conidia (4.4-)5.6-6.1 × 1.3-1.5(-1.6) µm (x ̅ = 5.6 × 1.5 µm, n = 30), unicellular, elongate-allantoid, slightly curved, hyaline, smooth-walled.
Cytospora salicina
Culture characteristics -Colonies on MEA, reaching 8 cm diameter after 7 days at 25 °C, producing dense mycelium, circular, margin rough, white, lacking aerial mycelium. Culture characteristics -Colonies on MEA, reaching 6 cm diameter after 7 days at 25 °C, producing dense mycelium, circular, margin rough, white, lacking aerial mycelium.
Cytospora ulmi
Material examined -RUSSIA, Rostov Region, Krasnosulinsky District, Donskoye forestry, ravine forest, on dead and dying branches (necrotrophic/saprobic) of Ulmus minor Mill., 28 June 2015, T. Bulgakov, T-521 (MFLU 15-2225, holotype, KUN, isotype), ex-type living culture, MFLUCC 15-0863, KUMCC. Notes -Phylogenetic analysis of four combined gene loci indicate that Cytospora ulmi , forms a distinct branch as a sister taxon to C. ribis Ehrenb. (284-2) isolated from Thuja orientalis L., C. rosarum Grev. (218) isolated from Rosa canina L. and C. tanaitica Norphanphoun, Bulgakov & Hyde (MFLUCC 14-1057) isolated from Betula pubescens Ehrh. (Fig. 2) (Adams et al. 2002 , Ariyawansa et al. 2015 , Fotouhifar et al. 2010 .
Cytospora ulmi is most similar to C. rosarum in having long conidia ((4.8-)5.4-6.4 μm versus 4.5-6.7 μm), but has narrower conidia (1.3-1.5(-1.6) µm versus 0.9-1.1 μm). Cytospora ribis and C. tanaitica are similar to C. ulmi in having multi-loculate conidiomata. However, C. ulmi (5.4 × 1.4 µm) has larger conidia than C. ribis (4 × 1 μm) and C. tanaitica (3.4 × 0.7 µm) (Adams et al. 2002 , Fotouhifar et al. 2010 , Ariyawansa et al. 2015 . 
Discussion
Cytospora species are important plant pathogens causing dieback and canker disease with a worldwide distribution and host range including Armeniaca, Eucalyptus, Fraxinus, Ligustrum, Malus, Mangifera, Platanus, Populus, Punus, Robinia, Salix and Ulmus to name a few (Adam et al. 2006 , Fotouhifar et al. 2010 , Ariyawansa et al. 2015 , Fan et al. 2015a , 2015b , Liu et al. 2015 , Li et al. 2016 , Maharachchikumbura et al. 2015 , Hyde et al. 2016 . In this study, all samples were collected from European Russia from dying twigs and symptomatic branches.
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A phylogenetic analysis was constructed using maximum parsimony, maximum likelihood and Bayesian inference for an individual ITS dataset and was able to resolve some species of Cytospora (Fig. 1) . However, the combined analysis of ITS, LSU, RPB2 and ACT sequence was more appropriate for resolving Cytospora species (Fig. 2) . It has repeatedly been shown that multi-gene dataset will resolve species in pathogenic (e.g. Colletotrichum, Cai et al. 2009 , Diaporthe, Udayanga et al. 2011 , Pestalotiopsis, Maharachchikumbura et al. 2011 , 2012 and other genera (e.g. Stachybotrys, Lombard et al. 2016 , Nodulosphaeria, Mapook et al. 2016 , Lasiodiplodia, Doilom et al. 2017 , better than single genes.
Species of Cytospora may be relatively host-specific (Zhou et al. 2001) , such as C. australiae Speg., C. eucalyptina Speg., C. eucalypticola Van der Westh., and C. agarwalii Soni, Dadwal & Jamaluddin which have only been reported from Eucalyptus sp. (Adams et al. 2005) . Previous reports have however, indicated that many Cytospora species have broad host ranges. However, those reports lacked identifications based on molecular data (Fries 1823 , Deng 1963 , Saccardo 1884 , Tai 1979 , Wei 1979 . Some widespread species have been identified and verified by molecular data to occur in many host species, such as C. chrysosperma and C. nivea (Adams et al. 2005 , Fan et al. 2014 , Ariyawansa et al. 2015 , Fan et al. 2015a , 2015b , Liu et al. 2015 , Maharachchikumbura et al. 2015 , Hyde et al. 2016 , Li et al. 2016 . In Table 3 we summarize the species (identified with sequence data) and their host distribution.
Our study provides data on the distribution of 17 Cytospora species with a multi-gene phylogeny. Several hosts appear to support several Cytospora species and several Cytospora species are known from several hosts (Table 3) . Some taxa on the other hand, are only known from a single host. Thus we regard the data we provide on Cytospora are preliminary and future studies are likely establish numerous new species and further resolve their distribution.
